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ABSTRAK 
The welding point on the metal weld joints is necessary to facilitate the connection of two 
different materials and material cost savings. It is widely used in manufacturing, especially 
the automotive and shipbuilding industries. The purpose of this study to determine the 
quality of the welding by using the welding machine DN-16-1-type AC-point welder 
against physical and mechanical characteristics of welded joints between steel SS400 point 
with aluminum Al6061. 
Welding parameters used are electricity voltage, long welding, the thickness of aluminum, 
and the addition of filler. Voltage electricity using 3.20 volts and 2.67 volts at 10 seconds, 
7.5 seconds, and 5 seconds. This study used two different materials is aluminum alloy 
Al6061 thickness 6 mm, 5 mm, 4 mm and 3 mm and low carbon steel SS400 thickness 2,3 
mm with a material thickness of 0.2 mm copper filler. Making specimen welding refers to 
the standard JIS Z 3139 and for testing the structure of the results of the welds using the 
macro image and a microphotograph using optical microscopy, testing the tensile strength 
of the connection with the method of tensile testing, testing microstructure and 
composition of the nugget to test SEM-EDAX, and testing of violence micro Vickers 
methods. 
Welding research specimens obtained the best results in the voltage variation of 2.67 volts 
welding time 10 seconds, the thickness of 5 mm aluminum and 3.20 volt voltage variation 
5 seconds long welding, aluminum thickness of 5 mm. In the tensile test with filler 
obtained the highest results obtained 34.58 MPa, a low of 12.45 MPa. While the tensile 
strength without filler gained 106.40 Mpa. Structure nugget optical microscopy test results 
showed the atoms experience in the area intermetallic bonding interface FeAl and Fe3Al by 
forming a boundary line between the two materials and columnar appears to grow. Vickers 
hardness test results on the nugget area have high hardness at 623.33 HVN at a voltage of 
3.20 volts, long welding 5 seconds, and the thickness of the aluminum material on 3 mm 
without filler. 
Keyword: Resistance Spot Welding, Aluminum 6061, carbon steel SS400, Filler 
1 INTRODUCTION 
The welding point on manufacturing technology is one of the means of welding to produce 
a superior product. This type of welding is very effective and efficient use of small and 
large scale industries for connecting similar or different metal types by the method of 
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overlapping (lap joint). Tech manufacturing industries are required to be able to combine 
different metal materials with the aim of heavy construction is to be lighter, but does not 
reduce the quality of the mechanical and physical properties (Wiryosumarto et al. 1985) 
The connection of the two metals can be fused directly, but sometimes still needed 
additional materials/ transition (filler) others to weld metal deposit formed. Materials 
enhancer often used is copper, silver, and nickel. The use of transitional material nugget to 
connect aluminum to steel is a promising concept (Sun et al. 2004). Opinions about the 
filler are also conveyed by Sudargo et al. (2011) that the use of filler has an influence on the 
characteristics of physical-mechanical properties of the weld results. 
Material metallic aluminum (Al) and steel (Fe) classified the type of metal used extensively 
because aluminum including most third element after oxygen and silicon is approximately 
8.07% to 8.23% of the solid crust past. Alumunium is a light metal, to increase the 
mechanical strength of aluminum combined with the addition of Cu, Mg, Si. Mn, Zn, Ni. 
Silicon magnesium aluminum alloy (AlMgSi) is an aluminum alloy which can be hardened 
by heat treatment (heat treatable) and included in the series of 6061. While carbon steel 
metal called rich in its properties in addition to iron. Steel with a carbon content of less than 
0.30% so-called low-carbon steel is included in the SS400 series are resilient and tough, 
able to machinability, formability, and weldability was excellent. This type of steel is made 
and applied by exploiting the properties of ferrite. Ferrite is one of the important phase in 
the steel that is soft and ductile. Between Al-Fe alloys to welding temperature 1310oC will 
form FeAl and Fe3Al alloying elements which as shown Fe-Al phase diagram below. 
 
Figure 1. A phase diagram Fe - Al (Schimek et al, 2012) 
 
Table 1. Physical properties of aluminum and steel 
 
 
 
 
 
PROCEEDING 
of International Conference on Climate Change 2016 
102 
 
Table 2. Mechanical properties of aluminum and carbon steel 
 
2 EXPERIMENTAL METHOD 
2.1 MATERIAL 
In this research, connecting low carbon steel plate 2.3 mm thick SS400 series and aluminum 
series alloys Al6061 thickness 6 mm, 5 mm, 4 mm and 3 mm using a filler material of the 
plate of copper (Cu) with a thickness of 0.2 mm , Then processed by welding with a power 
supply voltage at 2.67 volts and 3.20 volts and the variation of 5 seconds; 7.5 seconds; and 
10 seconds to 30 seconds long cooling and continuous suppression. The size of the material 
in accordance with a standard test specimen with AWS.D8.9 such a measure on Figure 2 
below. 
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Figure 2. Test Specimens 
 Information : 
Ingredient L (mm) W (mm) Thick (mm) GL (mm) O (mm) UL (mm) 
SS400 138 30 2.3 62.5 40 105 
Al6061 138 30 3;4;5;6 62.5 40 105 
Data content of chemical elements contained in the material can be shown in Table 3, Table 
4 and Table 5. 
Table 3. Chemical composition (%) SS 400 (Yustiasih 2013) 
Alloy 
SS400 
C Si Mn P S Ni Cr Cu Al As 
Fe (main 
ingredient) 
0.09 0.02 0.26 0.02 0.02 0.01 0.01 0.01 0.04 0.01 
99.45 
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Table 4. Chemical Composition (%) Al 6061 (Yustiasih 2013) 
Alloy 
Al6061 
Mg Si Fe Mn Cu Cr Zn Ni Ti 
Al (main 
ingredient) 
0.96 0.59 0.38 0.03 0.26 0.25 0.02 - 0.04 
97.8 
 
Table 5. Chemical composition (%) copper plate (Ceper Polman 2014) 
Alloy 
Cu 
Al Si Fe Mn Sn Cr Zn Ni Pb 
Cu (main 
ingredient) 
0.04 1.03 0.29 0.03 0.45 0.28 0.24 0.28 0.13 
96,9 
 
2.2 METHOD 
The welding process uses the principle of welding spot welding method lap joint on the two 
metallic materials are Al6061 and SS400 with added plate of copper. Principles and 
methods of welding are shown in Figure 3. 
 
Figure 3. Cycle resistance spot welding (Agustriyana 2011) 
Phase 1 Events specimen is not clamped. Phase 2 start time of the flow of electrical voltage 
to the electrodes emphasis. Phase 3 and 4 times the flow of electrical voltage through the 
specimen, while the welding force is maintained to produce heat. Stage 5 time flow of 
electrical voltage is dead and welding style is still maintained and cooling under pressure. 
Phase 6 has been formed specimen condition nugget. 
 
 
  
 
 
 
Figure 4. The method lap joint 
Alumunium  Alloys 
Nugget 
Low Carbol Steel 
Lower Electrode Filler 
Top Electrode 
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The welding process carried out in the Laboratory of Production Engineering, Faculty of 
Engineering Universitas Sebelas Maret (UNS) using dot welding machine DN-16-1-type 
AC-point welder with spot welding machine specifications as follows: 
 Rated Power                  : 16 kVA  
 Mains Input Voltage     : 380V  
 Rated Input Current      : 42A  
 Second Empty Load Vol.  : 1.6V-3.2V 
 Duty Cycle Rating: 20 %  
 Class Maximum Weld. Thickness of 
Low Carbon Steel: 3+3 mm 
tolerance : ± 1mm 
 Adjustable Class Number: 6      
 
Class Number         Second Empty Load Voltage 
1 1.60 volt 
2 1.78 volt 
3 2.02 volt 
4 2.30 volt 
5 2.67 volt 
6 3.20 volt 
  
Specimen results of spot welding are divided into three regions, namely regions BM, HAZ, 
and FZ. Base metal (BM) is an area of the base metal heat affected but did not change the 
microstructure. Heat Affected Zone (HAZ) is an area exposed to heat and changes the 
microstructure but not until there smelting. Fusion zone (FZ) or nugget is an area that is 
exposed to heat directly and changes to occur interstitial diffusion interface different 
material. 
 
 
 
 
 
Figure 5. The results of the macro structure test: (a) The results of the weld nugget; 
(b) Form of weld nugget (Pouranvari 2011) 
Inter-diffusion interstitial material is connecting two different sizes by means of atom 
displacements of material one place to another material with temperatures approaching the 
melting point of the metal so that the surface to be spliced into plastic and with a particular 
emphasis will be formed of metal joints. 
3 RESULTS AND DISCUSSION 
Welding research specimens after going through the process of testing with a variety of 
research include power supply voltage, long welding, material thickness, and the addition of 
fillers, the obtained results on the best welding voltage variation of 2.67 volts welding 10 
seconds long, 3 mm thick aluminum, 5 mm, 6 mm and 3.20 volt voltage variation long 
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welding 5 seconds, a thickness of 3 mm, 5 mm, 6 mm. Both voltage variation is done with 
the addition of filler and not like the picture below.                          
 
      
Figure 6. Results of welding at a voltage of 2.67 volts with filler 
 
     
Figure 7. Results of welding at a voltage of 3.20 volts without filler 
Welds then are tested using standard tensile-shear AWS D8.9 with Universal Testing 
Machine (UTM). 
Table 6. Specifications Universal Testing Machine 
Product Type SHT, CHT4106 
Load Tensile 1000 KN 
Dimension (mm) 1020 x 670 x 2600 (L x W x H) 
Piston Stroke 250 mm 
Net Weight 3300 Kg 
 
The test results in the form of stress strain graph was calculated using theformula:    
𝜎 =
𝐹
𝐴𝑜
(𝑘𝑔/𝑚𝑚2)        ........................................................................................ (1)    
Where: 
σ = Tensile strength (kg / mm2) 
F = Maximum load capable detained specimen (kg) 
A0 = Initial specimen cross-sectional area (mm2) 
 
A
L 
F
e 
A
L 
F
e 
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Figure 8. Graph tensile stress test results with filler 
 
Figure 9. Graph tensile stress test results without filler 
The test results tensile test slide show with Cu plate filler has the highest value of 34.58 N / 
mm2 at a voltage of 3.20 volts, 5 seconds long welding, material thickness 5 mm Al. 
Welding without using filler plate Cu has the highest value 103.45 N / mm2 at a voltage of 
3.20 volts, long welding 5 seconds, a thickness of 5 mm. It shows the physical properties of 
the weld results with copper filller lower than without the filler copper. 
Specimen as a sample of test macro and micro and SEM-EDAX to determine the structure 
of the content of the results of welds performed by cutting in the middle of the connection 
that is formed and then do the sanding from 150 to 1500 and basting with Autosol up really 
shiny to look at cross sections using optical microscopy macro and micro with a 
magnification of 5 times. Results in the can as appears below. 
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Figure 10. The structure of the weld joint welding macro dissimilar Al and 
Fe                       
I I I I I I I I I I  
I I I I I I I I I I  
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(a)                                           (b)                                            (c) 
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                                 (d)                                            (e)                                             (f) 
Figure 11. Results of welding with a voltage of 2.67 volts for 10 seconds on the 
thickness of aluminum (a) 3 mm, (b) 5 mm, (c) 6 mm with filler and (d) 3 mm, (e) 5 
mm, (f) 6 mm without filler. 
 
l l l l l l l l l l l l  
      l l l l l l l l l l l l  
l l l l l l l l l l l l  
    (a)                                               (b)              
  (c) 
l l l l l l l l l l l l 
      l l l l l l l l l l l l 
l l l l l l l l l l l l 
                                          (d)                                          (e)                                         (f) 
Figure 12. Results of welding with a voltage of 3.20 volts for 5 seconds on the thickness 
of aluminum 3 mm, (b) 5 mm, (c) 6 mm with filler and (d) 3 mm, (e) 5 mm, (f) 6 mm 
without filler. 
 
Based on observations of the formation of the macro image areas on the aluminum HAZ 
seen more clearly, while steel no. The addition of filler plate to form an air cavity (void) 
clearly occurs at a voltage of 3.20 volts, while no filler plates occur void at a voltage of 2.67 
volts. Nugget formation does not appear clearly on both. This shows the difference in the 
BM Fe 
Nugget 
HAZ  Fe 
Filler Cu 
BM AL HAZ Al 
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melting point of the material influence on the formation of nuggets. The addition of copper 
filler insufficient help for the diffusion of both materials. 
Micro test results prior to observing with an optical microscope specimens were etched in 
advance by using a solution of modified Poulton's reagent for aluminum (40 ml HNO3, 42.5 
ml of distilled, 30 ml of HCl, 2.5 ml HF and 12 g CrO3). Al6061 aluminum metal 
microstructure at a magnification of 200 μm shown below in general to local parent-shaped 
dendrite with a dark color that indicates the phase aluminum-magnesium (Al-Mg), while the 
color of the light is α-phase aluminum. (Chakrabarti and Laughlin 2004). 
 
FZ 
HAZ Al 
200µm  BM Al               200 µm 
(a) (b) 
 
Figure 13. microstructure of metallic aluminum (a) with filler (b) without filler 
 
                                                                                Dendrite 
 
    Al 
 
 
 
Figure 14. The structure of the base metal aluminum metal regions 
 
 
 
 
 
 
Figure 15. The structure of aluminum metal HAZ area 
HAZ microstructure with dendrite size filler and alpha-Al shrink and oval formed columnar 
lead to the interface point being HAZ microstructure without filler size is fixed but dendrite 
formed a columnar structure leads to point interface. 
 
 
 
 
 
Figure 16. Microstructure of aluminum metal nugget area Al6061 
The microstructure of aluminum metal nugget area with filler to form intermetallic not 
appear columnar formation, whereas without filler formed columnar. Filler copper affect 
diffusion process occurs dissimilar metallic aluminum with carbon steel. 
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While the etching fluid for low carbon steel using a mixture of 10 ml HNO3 composition 
reconstituted with 20 ml of alcohol. The test results of micro with a magnification of 200 
μm show low carbon steel consisting of ferrite and pearlite phase (Fe + Fe3C) as shown in 
the figure below. 
 
                                                                                        BM Fe 
 
                                                                                       HAZ Fe 
 
                                                                                           FZ  
 
 
  200 µm        200 µm 
(a)                                                                           (b) 
Figure 17. The structure of carbon steel microstructure of metals (a) with filler (b) 
without filler 
  
 
     Pearlite 
 
 
    Ferrite 
 
Figure 18. The structure of the regional base metal alloy carbon steel 
Microstructure in the area of steel parent metal is in the form of ferrite (light colored) and 
pearlite (dark). For all the welding microstructure variations of the same, because the area 
of the parent metal is an area that is not affected by heat. 
 
 
                Pearlite 
 
 
                 Ferrite 
 
 
 
Figure 19. The structure of carbon steel metal HAZ area 
HAZ microstructure area carbon steel metal during the welding process area is experiencing 
thermal cycles of heating and cooling rather quickly, so this area is the most critical areas in 
the weld joint. In the cooling process will be formed in addition to pearlite microstructure 
bainite, but will slowly from pearlite and ferrite. Bainite is an aggregate of ferrite and 
cementite (Fe3C) in these conditions is difficult to perform diffusion carbon into the 
austenite phase. 
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     Nugget 
 
 
Figure 20. Structure of local micro metal nugget carbon steel SS400 
The microstructure of aluminum metal nugget area with filler to form intermetallic not 
appear columnar formation, whereas without filler formed columnar. Filler copper affect 
diffusion process occurs dissimilar metallic aluminum with carbon steel 
Nugget is a metal area that experienced melting and rapid cooling, resulting in a form of 
grain which is much different than the parent metal and HAZ (Boumerzoug et al, 2010). 
This area has the form of grains such as length and width of the columns (columnar) as 
shown in the figure below Directions formation of columnar grains in the direction style 
suppression electrode (Hasanbasoglu and Ramazan 2007). 
Scanning Electron Microscope (SEM) is an electron microscope used to look at the surface 
of the object with a magnification of 80 to 130,000 times, ≤ 14 nm resolution, depth of field 
from 0.4 to 4 mm. Energy Dispersive X-ray Spectroscopy (EDAX) is a point analysis was 
used to analyze the elements or characteristics of a chemical compound on a workpiece. 
The result of SEM-EDAX, the specimens were tested as shown in Figure 4:16 SEM-EDAX 
with filler below. 
 
 
                                                          Fe Al          Intermetalic 
                                                                              FeAl 
 
 
 
 
 
Figure 21. SEM-EDAX with filler at the welding voltage of 3.20 volts aluminum 
thickness of 5 mm 5 seconds 
Specimen welding with filler that has the highest value of tensile stress that is 34.58 MPa, 
with a scale of 80 μm and a magnification of 1000 times shows the atoms undergo solubility 
in the interface form a metallic bond Fe3Al by forming the boundary line between the two 
materials and does not appear columnar growth. The addition of a copper plate as a filler 
which is expected to grow columnar in the area of welding interface was less able to grow 
so that the interstitial diffusion process is not perfect. This can happen because the atomic 
radius alumunium with steel or copper atom has a difference that is too large. Al atom has a 
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radius of 118 pm, 125 pm steel atom, and copper atom 128 pm. Anrinal (2013) says that the 
formation of columnar one of them caused by the radius of the constituent atoms. 
Differences radius columnar constituent atoms is too large it will complicate the process of 
diffusion on the surface of the object being welded. 
In order to know the content of the intermetallic composition of atoms at the interface area 
that can affect the physical strength mechanical test can blistering shown in figure 22 and 
tables 7 and 8. 
 
.   
 
(a) 
 
(b) 
 
Figure 22. The structure of micro-specimen at a voltage of 3.20 volts with filler 
thickness 6 mm aluminum 5 seconds 
Figure 22 (a) microstructure with 1000 times magnification indicated by arrows is the point 
of the intermetallic interface on the welding connection. Figure 22 (b) graphic content of 
chemical elements contained in the intermetallic the point of the arrow. 
Table 7. Disabled elements: Al, Fe, Cu 
Element Number Element Symbol Element Name Weight Concentration Error 
13 Al Aluminium 40.0 0.0 
26 Fe Iron 48.5 0.1 
29 Cu Copper 11.5 1.2 
 
Table 8. The composition of alloying elements Al, Fe, Cu 
 
SEM-EDAX on the 22 picture above, an intermetallic layer formed of dissolved Al atoms 
contained 54.6% Fe atoms dissolved 42.9%, and 2.4% Cu atoms dissolved form 
intermetallic layer Fe3Al. Kobayasi and Yakou (2002) says that the splicing of aluminum 
and steel with diffusion method of treatment, at a temperature intermetallic layer formed 
1273oK FEAL and Fe3Al. In the figure 4.9 SEM-EDAX, Al dissolved atomic 59.3%, Fe 
atoms dissolved 38.4%, and 2.3% Cu atoms dissolved. 
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(a) 
 
(b) 
Figure 23. The structure of micro-specimen at a voltage of 3.20 volts with filler 
thickness of 5 mm aluminum 5 seconds 
 
Table 9. composition of alloying elements Al, Fe, C 
Element Number Element Symbol Element Name Weight Concentration Error 
13 Al Aluminium 59.3 0.0 
26 Fe Iron 38.4 0.0 
29 Cu Copper 2.3 1.3 
 
Table 10. Disabled elements: Al, Fe, C, Mg 
 
 
 
 
 
    Fe                                                         Al 
 
                                                                                                   Intermetalik 
 
                                                                                               columnar 
 
 
                                                                       AlC 
 
 
 
 
 
 
Figure 24. SEM-EDAX without filler welding voltage of 3.20 volts at a thickness of 5 
mm aluminum 5 seconds 
Figure 24 above is one specimen welding without filler which has the highest tensile stress 
value of 106.40 MPa, with a scale of 80 μm magnification of 1000 times shows the atoms 
experience in the area keterlarutan metallic bonding interface feal and Fe3Al by forming a 
PROCEEDING 
of International Conference on Climate Change 2016 
113 
 
boundary line between the two material and visible columnar growth. In addition to the 
columnar growth, the interface area also shows keterlarytan atom Al, Fe, Cu, and Mg. 
Atoms form bonds homogeneity, so that will bind atoms to one another. Qiu (2009) says 
that the atoms will form a separate phase bonding in accordance with the quantity of atoms. 
 
(a) 
 
(b) 
Figure 25. The structure of micro-specimen at a voltage of 3.20 volts without filler 
thickness 6 mm aluminum 5 seconds 
 
Tabel 11. Disabled elements: Al, Fe, C, Mg 
Element Number Element Symbol Element Name Weight Concentration Error 
13 Al Aluminium 54.8 0.0 
12 Mg Magnesium 1.9 0.1 
6 C Carbon 40.2 0.1 
26 Fe Iron 3.1 0.4 
 
Table 12. composition of alloying elements Al, Fe, C, Mg 
 
 
  
Figure 26. The structure of micro-specimen at a voltage of 3.20 volts with filler 
thickness of 5 mm aluminum 5 seconds 
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Table 13. Disabled elements: Al, Fe, C, Mg 
Element Number Element Symbol Element Name Weight Concentration Error 
13 Al Aluminium 40.7 0.0 
6 C Carbon 49.9 0.0 
26 Fe Iron 7.8 0.2 
12 Mg Magnesium 1.6 0.4 
 
Table 14. Composition of alloying elements Al, Fe, C, Mg 
 
         
SEM-EDAX can show clearly the columnar growth, the atoms undergo dissolved area 
interfaces include Fe, Al, Cu, Mg, and C. Each atom has a metallic bond and form a crystal 
unit. This crystalline structure and orientation of the formation itself depends on axis of the 
crystal, and every crystal is in one orientation will come together to form a single grain. The 
crystal structure is influenced by the number and size of the alloy elements were able to 
sneak in between the bonding of atoms or crystals around one another. In each metal atom 
capable of moving and migrating caused by two things: the energy given conditions 
(temperature) and the condition of alloying elements (percent heavier elements). 
Scientifically a dense environment will tend to seek stability by reducing the density to the 
other environments that are less dense. It's called a diffusion process that is influenced by 
the composition gradient but to be able to move requires energy (Suprapto 2011). 
The results of the weld hardness test specimen are shown in Figure 27 that the average 
value of hardness at the nugget has a higher hardness because this area has a columnar grain 
structure in the presence of martensite phase. HAZ area has a higher hardness than the 
parent metal. HAZ hardness increased when adjacent to the nugget to all the variations of 
power supply voltage and the welding time. HAZ hardness increases due to undergo 
coarsening of grains due to high temperatures and cooling times are quite fast 
(Wiryosumarto and Toshie 2000). This is because of the addition of the power supply 
voltage and a high impact welding heat input, so the cotton area of the nugget and HAZ 
increased.  Figure 22 shown in the graph of welding with a voltage of 3.20 volts, long 
welding 5 seconds, and the thickness of the aluminum material on the 6 mm, 5 mm, 3 mm 
with filler has a hardness value at each nugget area of 590.91 HVN; 621,34 HVN HVN 
582.05 and 468.26. Figure 23 shown in the graph of welding with a voltage of 2.67 volts, 10 
seconds long welding, and aluminum material thickness 6 mm, 5 mm, 3 mm with filler has 
a hardness value at each nugget area of 527.42 HVN, 571.81 HVN, 325.53 HVN. This 
value is higher than the base metal and HAZ. Nugget area with filler at a voltage of 3.20 
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volts the average value of hardness is higher than the voltage of 2.67 volts is 547.07 HVN 
to 474.92 HVN. 
HAZ area has a higher hardness than the parent metal. HAZ hardness increased when 
adjacent to the nugget to all the power supply voltage variations. Nugget area becomes 
louder when the temperature increases during the welding process (Sahota et al. 2013). 
 
Figure 27. Microhardness value in the thickness of aluminum welding with filler on 
voltage 3.20 volts 
 
 
 
Figure 28.  Microhardness value in the thickness of aluminum welding with filler on 
voltage 2.67 volts 
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Figure 29.  Microhardness value in the thickness of aluminum welding without filler 
on voltage 3.20 volts 
 
Figure 30. Microhardness value in thickness aluminum welding without filler on 
voltage 2.67 volt 
Based on the graph shown in Figure 27 welding with a voltage of 3.20 volts, long welding 5 
seconds, and the thickness of the aluminum material on the 6 mm, 5 mm, 3 mm without 
filler has a hardness value at each nugget area of 537.71 HVN, 601, 43 HVN, 623.33 HVN. 
Figure 28 shown in the graph of welding with a voltage of 2.67 volts, 10 seconds long 
welding, and aluminum material thickness 6 mm, 5 mm, 3 mm with filler has a hardness 
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value at each nugget area of 582.97 HVN, 612.29 HVN, 511.86 HVN. Violence in the area 
of a highest nugget of the parent metal and HAZ due to the occurrence of precipitates in the 
nugget area. This value is higher than the base metal and HAZ. Nugget area without filler at 
a voltage of 3.20 volts the average value of hardness is higher than the voltage of 2.67 volts 
is 587.49 to 569.04 HVN HVN. 
The level of violence connection dissimilar metal welding aluminum and steel SS400 
Al6061 from the highest to the lowest electric voltage variation, the thickness of the 
aluminum material, long welding with filler addition of copper and copper without allowing 
the hardening due to precipitation. The thermal conductivity affects the cooling process at 
the welding point (Hasanbasoglu and Kacar 2007). 
4 CONCLUSION 
This conclusion is based on data analysis and discussion of research on the effects on the 
characteristics of the filler weld between Al6061 and SS400, is as follows: 
a. The higher the heat treatment to increase the voltage and welding specimens, the 
tensile strength is greater and research on the optimal voltage to 3.20 volts for 5 
seconds at a thickness of 5 mm aluminum. This suggests that the formation of 
intermetallic between the two metals is affected by the voltage variation and welding 
length. 
b. The formation of an intermetallic layer in the best case without using welding filler 
indicated by the test results LBC 106.40 kN / mm2, while the wear occurs at the filler 
material thickness aluminum Al6061 on 5 mm thick steel SS400 2.3 mm of 34, 58 
kN / mm2. Factors atomic radius filler welding copper points on the columnar growth 
in the interface. The greater the difference in atomic radii will be difficult diffusion 
process. 
c. Results electron microscope (SEM), a diffusion process with a good filler formed of 
ferrite and pearlite structure with a Vickers hardness biggest 590.91 HVN metal bond 
and FeAl Fe3Al forming the boundary between two materials with the composition 
of 38.4% Fe and 59, Al 3 % on voltage of 3.20 volts and welding 72.6% Fe and 
19.1% in the welding voltage of 2.67 volts. Although there is no filler growth 
columnar seems to have established the highest violent 612.29 HVN bainite formed 
by bonding a metal Fe-Al-X with a composition of 7.8% Fe, 40.7% Al, 49.9% C. 
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